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Abstract
Studies from the Far East have demonstrated that 
D2-dissection is superior to D0/1-dissection. The ef-
fect of postoperative chemoradiotherapy (CRT) after 
D2-dissection has not been accepted due to the lack 
of D2-dissection in Western countries, as well as the 
potential harmful effect of radiotherapy. In the current 
NCCN guideline, adjuvant chemotherapy alone is rec-
ommended in D2-dissected patients. However, three 
recent prospective randomized controlled trials in South 
Korea and China (ARTIST, NCC and Multicenter IMRT 
Trials) demonstrated that adjuvant CRT can be safely 
administered to D2-dissected patients with notable 
benefits. To identify the role of radiotherapy (RT) in the 
D2-dissected postoperative setting, clinical research 
attempts should include (1) identification of high-risk 
patients for loco-regional recurrence who might benefit 
from CRT; (2) modification of RT target volume based 
on the findings that failure patterns should be differ-
ent after D1- and D2-dissection; and (3) integration 
of new RT techniques to decrease treatment-related 
toxicity. The present paper is a review of recent studies 
addressing these fields. Well-designed prospective ran-
domized studies are needed to clearly define the role of 
adjuvant CRT in D2-dissected gastric cancer, however, 
future clinical studies should also focus on answering 
these questions. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The survival benefits of postoperative chemo-
radiotherapy (CRT) in gastric cancer with D0/1-
dissection have been established in Western countries. 
However, in Eastern areas, where D2-dissection is the 
standard surgical procedure, most surgeons are skepti-
cal about the benefit of CRT in D2-dissected patients, 
and CRT has not been examined in this setting in clini-
cal trials. Here we aimed to provide a review of recent 
research and to suggest future directions regarding 
adjuvant CRT after D2-dissection. 
Chang JS, Koom WS, Lee Y, Yoon HI, Lee HS. Postoperative 
adjuvant chemoradiotherapy in D2-dissected gastric cancer: Is ra-
diotherapy necessary after D2-dissection? World J Gastroenterol 
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INTRODUCTION 
During the past two decades, a multimodal treatment 
combining chemotherapy and chemoradiotherapy (CRT) 
has been investigated worldwide to prevent recurrence 
and improve survival in gastric cancer patients who un-
derwent curative surgical resection[1]. Due to the lack of  
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robust evidence as to which of  the currently available 
approaches is better, there has been marked discrepancy 
in adjuvant treatment nationwide and worldwide. In the 
West, peri-operative intensive chemotherapy (MAGIC 
trial) and postoperative CRT (SWOG/INT-0116 trial) 
are recommended for resectable gastric cancer[2,3]. In 
the East, on the other hand, adjuvant chemotherapy af-
ter D2-dissection is considered the standard treatment 
(ACTS-GC and CLASSIC trials). Studies from the Far 
East have demonstrated that D2-dissection is superior 
to D0/1-dissection. The effect of  postoperative CRT 
after D2-dissection has not been accepted due to the 
lack of  D2-dissection in Western countries, as well as the 
potential harmful effect of  radiotherapy[4,5]. However, 
three recent prospective randomized controlled trials in 
South Korea and China have demonstrated that adjuvant 
CRT can be safely administered to D2-dissected patients 
with notable benefits[6-8]. Currently, some important clini-
cal questions still remain unanswered: (1) Does adjuvant 
CRT in D2-dissected patients provide similar benefit to 
that shown in the SWOG/INT-0116 trial (mostly D0/1-
dissected patients)? (2) What is the incidence of  loco-
regional recurrences, which sometimes mimic metastatic 
peritoneal seeding or distant lymph nodes, after D2-dis-
section? (3) If  CRT is considered as adjuvant treatment 
for D2-dissection fields, is it necessary to modify the tra-
ditional radiation field, which was developed for D0/1-
dissected fields? (4) Is radiation therapy still potentially 
harmful even with modern radiotherapy (RT) techniques 
and modified RT fields in gastric cancer? and (5) Is there 
a subset of  patients with specific characteristics who 
would benefit from adjuvant CRT after D2-dissection? 
This review discusses the current status of  adjuvant CRT 
for gastric cancer patients undergoing D2-dissection, 
with updated data to provide a guide to the priorities on 
which investigators should focus on in future studies.
RATIONALE FOR ADJUVANT 
RADIOTHERAPY IN GASTRIC CANCER
High rates of  local and regional recurrence have been 
shown in patients with gastric cancer treated with surgical 
resection. The reported rate of  loco-regional recurrence 
ranges from 19%-45%, and reported loco-regional recur-
rence from re-operation or autopsy data is up to 90%[9-13]. 
Gunderson et al[14] suggested potential radiation portals 
based on the patterns of  loco-regional failures in the re-
operation group, leading investigators to verify the role 
of  radiotherapy in preventing such recurrence[14-17]. 
The SWOG/INT-0116 trial, directly compared 
postoperative CRT with observation alone, and clearly 
showed the survival benefit of  postoperative CRT in re-
sected gastric cancer[3]. Even though the eligibility criteria 
included stage ⅠB through IVM0 (AJCC 1988), most 
of  the enrolled patients were at high risk for recurrence 
(T3/4, 69% and N+, 85%). CRT consisted of  45 Gy of  
radiation with concurrent bolus 5-fluorouracil/leucovorin 
(FL) (Figure 1). RT-related gastrointestinal toxicity may 
have been severe, in that only 64% of  patients completed 
the planned treatment. Nonetheless, three-year relapse-
free survival and overall survival (OS) were significantly 
improved by adjuvant CRT in a median follow-up of  
five years, which led to its adoption as standard treat-
ment in the United States. Since the publication of  the 
SWOG/INT-0116 trial results, adjuvant CRT was found 
to be used more commonly in United States based on 
the SEER database analysis (33% in 1998-2001 vs 45% in 
2002-2007, P < 0.001)[18]. The updated data after 10-y of  
follow up in SWOG/INT-0116, demonstrated a persis-
tent benefit of  adjuvant CRT[19]. The rate of  loco-regional 
failure, but not distant relapse, was significantly decreased 
in the group treated with adjuvant CRT, suggesting that 
the improved OS by adjuvant CRT was mainly due to 
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Figure 1  Treatment and randomization schemes of the SWOG/INT-0116 and ARTIST trials. 5-FU: 5-fluorouracil.
the prevention of  subclinical loco-regional diseases. The 
long-term toxicity, including secondary malignancies, ap-
peared acceptable.
EXTENT OF LYMPH NODE DISSECTION 
Could these findings lead to the adoption of  adjuvant 
CRT for gastric cancer patients in Eastern countries? As 
only a minority of  patients [54 (10%) of  552] in SWOG/
INT-0116 underwent D2-dissection, an extremely con-
servative approach has been followed in Eastern areas, 
such as South Korea and Japan where D2-dissection has 
long been the standard[20]. Over the past few decades, 
whether the extent of  lymph node dissection (D1 vs D2) 
favorably impacts survival outcome has been a controver-
sial issue. Two prospective randomized controlled trials 
in the West addressed this controversial issue: thereafter, 
it took a long time to provide robust evidence that D2-
dissection improves survival over D1-dissection when 
performed by well-trained surgeons with acceptable rates 
of  postoperative mortality[21,22]. 
MRC trial 
The Medical Research Council (MRC) in the United 
Kingdom randomized 400 patients to D1 resection or 
D2 resection[21]. The rates of  postoperative morbidity and 
mortality were significantly higher in the D2 group (46% 
vs 28% and 13% vs 7%, respectively), which was due to 
splenectomy and distal pancreaticosplenectomy. In an up-
date with a median follow-up time of  6.5 years, five-year 
survival rate following D2-dissection was not better than 
that following D1-dissection (33% vs 35%)[23]. 
Dutch trial 
Another large prospective randomized controlled trial was 
conducted by the Dutch Gastric Cancer Group (DCGC) 
in the Netherlands, which randomized 711 patients to 
D1 or D2 dissection[22]. The Dutch trial by Bonenkamp et 
al[22] had a unique characteristic regarding quality control 
of  surgical management compared to the MRC trial in 
that the participating surgeons were instructed by Japa-
nese surgeons during the first four months. The results 
were similar to those in the MRC trial in that postopera-
tive morbidity and mortality rates were higher; however 
five-year survival rate was not higher in the D2 group. 
The incidence of  postoperative complications and death 
were 43% and 10% in the D2 group, and 25% and 4% in 
the D1 group. Even though an updated report with more 
than 10 years follow-up found that D2-dissection did 
not generate long-term survival benefits, the latest report 
after a follow-up of  15 years showed lower loco-regional 
recurrence and gastric cancer-related death in the D2-
group[24,25]. Collectively, regardless of  whether the patients 
were treated in the East or not, D2-dissection is now 
recommended for resectable gastric cancer patients if  it 
is performed by well-trained surgeons in high-volume 
centers. 
ADJUVANT CRT IN D2-DISSECTED 
GASTRIC CANCER
Only a few small prospective studies and several retro-
spective studies have explored the role of  adjuvant CRT 
in D2-dissected gastric cancer[26-30]. Dikken et al[26], using 
a Dutch cohort, compared 91 patients who received ad-
juvant CRT in two phase Ⅰ/Ⅱ studies with 694 patients 
from the DCGC D1/D2 trial. In this study, the addi-
tion of  CRT seemed to be beneficial in preventing local 
recurrence after D1-dissection, but not after D2-dissec-
tion. However, in the updated analysis of  the SWOG/
INT-0116 study with a 10-year follow-up, there was no 
evidence of  lack of  survival benefit in patients who had 
undergone the D2 level of  resection. A retrospective 
study by Kim et al[27] in South Korea showed improved 
survival and lower regional recurrence by adding CRT, 
albeit in patients who underwent D2-dissection. The 
five-year survival rates were consistently longer in the 
adjuvant CRT group (n = 554) at stages Ⅱ, Ⅲ, and Ⅳ 
compared with those in the comparison group (n = 446). 
However, these data are based on unplanned subgroup 
analysis or nonrandomized observation studies with suit-
able controls (level Ⅲ).
RECENT TRIALS OF ADJUVANT CRT 
AFTER D2-DISSECTION
There has been no evidence directly comparing adjuvant 
chemotherapy, which is a standard treatment in Eastern 
countries for D2-dissected gastric cancer[28]. In 2012, the 
findings of  three prospective randomized controlled trials 
were published, however, the results were inconclusive[6-8]. 
ARTIST trial, South Korea 
The Adjuvant Chemoradiation Therapy in Stomach Can-
cer (ARTIST) trial, led by the same authors as the afore-
mentioned observational study by Kim et al[7], was the first 
and largest prospective study to address the role of  CRT 
as adjuvant treatment in D2-dissected gastric cancer[6]. 
This study randomly assigned 458 patients undergoing 
complete resection with D2-dissection to six cycles of  ad-
juvant capecitabine with cisplatin (XP, n = 228) or 45 Gy 
of  CRT with concurrent capecitabine following two cycles 
of  XP and two additional cycles of  XP (n = 230) (Figure 
1). Over a median follow-up of  53 mo, no statistically 
significant difference in three-year disease-free survival 
(DFS) between the two groups (XP: 74% vs CRT: 78%, 
P = 0.0862) was found. However, this trial should not be 
interpreted as a negative result for adjuvant CRT in D2-
dissection. Since the implementation of  the nationwide 
cancer screening program in South Korea (GI endoscopic 
examination in individuals aged over 40 years every two 
years), a significant proportion of  enrolled patients were 
stage I/Ⅱ disease; therefore, the planned events were 
not reached at the time of  final analysis. The unplanned 
subset analysis revealed that the combined modality sig-
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motherapy consisted of  the FL regimen in both groups. 
With a median follow-up of  43 mo, adjuvant CRT was 
associated with a significant reduction in the risk of  recur-
rence (5-year DFS, 45% vs 36%), and with no significant 
survival advantage (5-year OS, 48% vs 42%). Not surpris-
ingly, no difference in the rate of  distant metastasis was 
noted between the two groups (24% vs 27%, P = 0.595), 
and loco-regional recurrences were less frequent in the 
adjuvant CRT group (15% vs 24%, P = 0.042). 
DISCUSSION OF RECENT TRIALS 
The results of  three recent randomized controlled tri-
als from South Korea and China comparing adjuvant 
chemotherapy and CRT, which included a total of  
895 patients in the meta-analysis, showed no apparent 
survival benefit with the addition of  RT (HR = 0.79, 
95%CI: 0.61-1.03) during the 4-7 year follow-up pe-
riod, but found significantly improved LRRFS (HR = 
0.53, 95%CI: 0.32-0.87) and DFS (HR = 0.72, 95%CI: 
0.59-0.89) in the CRT group (Table 1)[31]. When interpret-
ing the findings of  these trials, several important points 
should be considered. Firstly, although in the SWOG/
INT-0116 trial, 41% of  CRT patients experienced severe 
treatment-related toxicity, resulting in only 64% com-
nificantly improved the three-year DFS in node positive 
patients, supporting the hypothesis of  this trial. 
NCC trial, South Korea 
The National Cancer Center (NCC) in South Korea con-
ducted a single-institution phase Ⅲ trial in stage Ⅲ-Ⅳ 
gastric cancer patients who underwent R0 gastrectomy 
and D2-dissection[7]. A total of  90 patients were random-
ly assigned to the chemotherapy arm (FL, n = 44) or the 
CRT arm (INT-0116 scheme, n = 46). Unfortunately, this 
underpowered study was terminated early due to poor 
accrual (possibly why the ARTIST trial included 60% 
stage Ⅰ/Ⅱ patients). Although five-year DFS, which was 
the primary endpoint of  this trial, was not significantly 
improved in the combined modality group which includ-
ed RT, the five-year loco-regional recurrence-free survival 
(LRRFS, secondary endpoint) was significantly improved 
in the median follow-up of  87 mo.  
Multicenter IMRT trial, China 
In contrast to these two trials, a significant benefit in DFS, 
but not in OS, was shown in a Chinese multicenter ran-
domized trial, in which patients with D2-dissection were 
randomly assigned to chemotherapy alone or intensity-
modulated RT plus concurrent chemotherapy[8]. The che-
Table 1  Major patient characteristics and results of phase Ⅲ trials of postoperative radiotherapy for gastric cancer
Ref. n Enrolled 
period
Median F/u (m) pT3-4 pN+ Ⅲ-Ⅳ D2 OS DFS/RFS Remarks
SWOG/INT-0116[3] 556 91-98 60 70% 85% NR   10% 3-yr: 50% vs 41%
(P = 0.005)
3-yr: 48% vs 31%
(P < 0.001)
Similar benefit in 
10-yr follow-up 
data
ARTIST[6] 458 04-08 53 NR 86%   41% 100% NR 3-yr: 78% vs 74%
(P = 0.0862)
DFS benefit in N+
NCC, South Korea[7]   90 02-06 87 63% 98% 100% 100% 5-yr: 65% vs 55%
(P > 0.05)
5-yr: 61% vs 50%
(P > 0.05)
LRRFS benefit
(DFS benefit in 
stage Ⅲ)
IMRT, China[8] 351 03-08 43 NR 86%   71% Majority 5-yr: 48% vs 42%
(P = 0.122)
5-yr: 45% vs 36%
(P = 0.029)
F/u: Follow-up; PS: Performance status; NR: Not reported; OS: Overall survival; DFS/RFS: Disease-free survival/relapse-free survival; LRRFS: Loco-
regional failure-free survival. 
Table 2  Treatment parameters and toxicities in phase III studies of postoperative radiotherapy for gastric cancer
Ref. Group Concurrent 
chemo
RT planning RT dose 
(Gy)
RT target Severe toxicity Completed planned 
treatment
SWOG/INT-0116[3] CRT 5FU + LV 2D 45 Tumor bed, LN 
(Nos. 1-16)
G3+, 41%, G4+ 32%
(GI, 33%)
64%
(17 due to toxic effect)
ARTIST[6] CT-CRT-CT Capecitabine 2D or 3D 45 LN (Nos. 7-9 and 
12-16)
Similar toxicity profile 
between the two groups 
(mostly well tolerated)
82% (5 due to toxic 
effect, but 1 during CRT)
NCC, South Korea[7] CRT 5FU + LV 2D or 3D 45 Tumor bed, LN 
(Nos. 1-16)
G3+ Hema; 20% vs 25%, G3+ 
GI; 17% vs 11%
87% (2 due to toxic 
effect)
IMRT, China[8] CRT 5FU + LV IMRT 45 Tumor bed, LN 
(Nos. 1-16)
Similar toxicity profile 
between the two groups 
(mostly well tolerated)
91% (4 due to toxic 
effect)
RT: Radiotherapy; CRT: Chemo-radiotherapy; 5FU + LV: Fluorouracil and leucovorin; LN: Lymph node; GI: Gastrointestinal; Hema: Hematologic; IMRT: 
Intensity modulated radiotherapy. 
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pleted planned treatments, in 3 recent randomized trials, 
no increase in treatment-related toxicity was observed in 
the CRT group compared with the chemotherapy alone 
group; consequently, most patients (ARTIST 75%, NCC 
87%, and China 91%) completed treatment as planned 
(Table 2). One plausible explanation for this is the ap-
plication of  modern RT techniques (IMRT or CT-based 
3D-CRT) in recent trials rather than 2D-conventional 
RT in the SWOG/INT-0116 trial carried out in the 1990’
s and/or the modification of  RT target volume in the 
ARTIST trial, which could reduce the irradiating bowel 
volume. Secondly, the patient population varied between 
the studies. The proportion of  stage Ⅲ/Ⅳ disease, which 
could involve a high risk of  loco-regional relapse, was 
41% in the ARTIST trial, 71% in the Chinese trial, and 
100% in the NCC trial. The positive results for DFS in 
the Chinese trial and subset (N+) analysis of  the ARTIST 
trial indicated that the use of  adjuvant CRT for the entire 
population undergoing D2-dissection may be overtreat-
ment, and, therefore, identification of  the high-risk sub-
group which would benefit most from CRT should be 
carried out. 
LOCOREGIONAL RECURRENCE AFTER 
D2-DISSECTION: IMPLICATIONS FOR 
POSTOPERATIVE RT
In Eastern countries including South Korea and Japan, 
D2-dissection with low morbidity and mortality is be-
lieved to contribute to rare loco-regional recurrence and 
a high OS rate[32]. However, actual reported rates of  lo-
cal/regional recurrence after D2-dissection range from 
19%-33%[12,25,27]. The largest retrospective study from 
South Korea analyzed the failure patterns of  2328 pa-
tients who underwent D2-dissection, and reported 19% 
of  loco-regional recurrence as a single pattern and 33% 
as a combined pattern[12]. Another retrospective study 
from Korea reported 22% of  loco-regional failure in 446 
patients who did not receive adjuvant RT[27]. In the Dutch 
D1/D2 trial from DCGC, a similar rate of  loco-regional 
recurrence was noted in 331 patients in the D2 group 
(local 12% and regional 13%)[25]. It should be noted that 
these studies included entire patient populations from 
stage Ⅰ to stage Ⅳ (M0) disease. One possible explana-
tion for under-reporting of  loco-regional recurrence 
included lack of  attention due to distant spread and dif-
ficulty in determining loco-regional failure using current 
imaging modalities. The intra-abdominal location of  
regional lymph nodes (LNs) could make recurrence less 
likely to be detected as the first failure pattern compared 
with other organs. 
In the present authors’ opinion, the identification of  
a high-risk subgroup for loco-regional recurrence among 
D2-dissected patients is essential and of  higher priority 
than assessing the efficacy of  regular application of  adju-
vant CRT in all D2-dissected gastric cancer patients. The 
subgroup analysis in the ACTS-GC trial from Japan may 
provide a clue to identifying patients who are most likely 
to benefit from adjuvant CRT[33]. The pivotal Japanese 
ACTS-GC study demonstrated the survival advantage 
of  postoperative S-1 chemotherapy over observation[4]. 
Subgroup analysis of  5-year OS in this study showed that 
insufficient survival benefit of  S-1 was observed in N3a 
(HR = 0.779, 95%CI: 0.534-1.138) and N3b stages (HR 
= 0.927, 95%CI: 0.477-1.799), in contrast to clear efficacy 
in N0-N2 stages, which may indicate room for improve-
ment in the application of  RT in these patients at high 
risk for loco-regional recurrence. In Korea, the report 
by Chang et al[34] revealed an interesting finding that N3 
patients are at substantial risk of  regional recurrence as 
well as peritoneal seeding and distant spread despite D2 
dissection and adjuvant chemotherapy. The report also 
demonstrated that the most frequent locations of  region-
al recurrence were in the nodal stations outside the D2-
dissection field (12p-16), which are classified as distant 
metastasis (M1 node) according to the 7th edition of  the 
AJCC classification system, but as regional node accord-
ing to the Japanese Classification of  Gastric Carcinoma 
(JCGC) criteria (Table 3)[35]. 
RT TARGET VOLUME COULD BE 
MODIFIED IN D2-DISSECTED GASTRIC 
CANCER 
The RT target volume has varied in the studies of  adju-
vant RT[36]. In the SWOG/INT-0116 trial, the field of  
radiation included the tumor bed and 2 cm beyond the 
proximal and distal margins of  resection, and regional 
nodes (perigastric, celiac, local para-aortic, splenic, hepa-
Table 3  Description of lymph node station
LN station Node location
1 LN at right paracardium
2 LN at left paracardium
3 LN along the lesser curvature
4 LN along the greater curvature
5 LN at suprapylorum
6 LN at infrapylorum
7 LN along the left gastric artery
8 LN along the common hepatic artery
9 LN around the celiac artery
10 LN at the splenic hilum
11 LN along the proximal splenic artery
12 LN in the hepatoduodenal ligament
12a LN along the hepatic artery
12b LN along the bile duct
12p LN behind the portal vein
13 LN on the posterior surface of the pancreatic head
14 LN along the superior mesenteric vessels
15 LN along the middle colic vessels
16 LN around the abdominal aorta
16a LN from the upper margin of the celiac trunk to the lower 
margin of the left renal vein
16b LN from the upper margin of the left renal vein to the 
aortic bifurcation
Chang JS et al . Radiation therapy in D2-dissected gastric cancer
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toduodenal, and pancreaticoduodenal LNs)[3,14]. This 
field was defined based on patterns of  failure after D0/1 
dissection in a Western population, which might be the 
representative failure pattern of  suboptimal surgical re-
section. On the other hand, in the ARTIST trial, the RT 
target volume did not include LNs in the splenic hilum 
(No. 10), LNs along the proximal splenic artery (No. 11), 
perigastric LNs (Nos. 1-6) and tumor bed, based on their 
previous study analyzing patterns of  failure after D2-
dissection (Figure 2)[6,37]. 
Coupled with a retrospective central review by one 
GI radiologist, Chang et al[34] investigated patterns of  LN 
recurrence after D2 dissection for 382 patients with stage 
Ⅲ (N3) disease. The most prevalent regional recurrence 
was LNs around the abdominal aorta from the upper 
margin of  the celiac trunk to the lower margin of  the 
aortic bifurcation (Nos. 16a and 16b), followed by hepa-
toduodenal LNs (No. 12), LNs along superior mesenteric 
vessels (No. 14), retropancreatic LNs (No. 13), and celiac 
LNs (No. 9). These results provide consistent evidence 
that RT target volume in D2-dissected patients can ex-
clude perigastric LNs (Nos. 1-6), and splenic LNs (Nos. 
10-11). Since the development of  severe gastrointestinal 
complications is mostly attributed to the extent of  the 
RT target volume in gastric cancer, understanding the 
specific location of  loco-regional recurrence after D2-
dissection could potentially allow more effective RT strat-
egies. A subsequent report by Yoon et al[38] demonstrated 
RT target volume delineation based on CT-guided vascu-
lar structure using the data from 91 patients who had LN 
recurrence from their previous study. 
CURRENT TRIALS 
Well-designed prospective randomized studies with ad-
equate statistical power are needed to clearly define the 
role of  adjuvant CRT in D2-dissected gastric cancer. 
The ChemoRadiotherapy after Induction chemoTherapy 
In Cancer of  the Stomach (CRITICS) trial is currently 
randomizing patients undergoing preoperative ECF 
followed by D1+ dissection (Nos. 1-9 and 11) to post-
operative ECF alone or 45 Gy of  CRT with concurrent 
capecitabine plus cisplatin, and comparing the efficacy of  
the MAGIC trial regimen which showed the survival ben-
efit of  a perioperative approach combined with intensive 
chemotherapy (ECF; epirubicin, capecitabine, and cis-
platin) with those of  the SWOG/INT-0116 trial[39]. The 
ARTIST Ⅱ trial plans to accrue LN positive patients us-
ing a 2-by-2 factorial design of  chemotherapy agents (S-1 
vs capecitabine plus oxaliplatin) and treatment modality 
(chemotherapy alone vs CRT). 
CONCLUSION
Current treatment guidelines of  adjuvant CRT for D2-
dissected gastric cancer are based on low-level evidence 
due to a paucity of  prospective studies and a near total 
absence of  phase Ⅲ multicenter randomized trials. Re-
cent prospective randomized trials from South Korea 
and China demonstrated that the addition of  RT to 
chemotherapy could prevent loco-regional recurrence 
and, furthermore, improve DFS in selected patients even 
after D2-dissection. Considerable rates of  loco-regional 
recurrence have been reported after D2-dissection and 
the most prevalent locations of  recurrence are found in 
the nodal basin outside the D2-dissection field. Whether 
modification of  RT target volume and/or new RT tech-
niques can reduce GI toxicity without compromising 
the oncologic outcomes is a clinically relevant question. 
Identification of  high-risk patients for loco-regional 
recurrence is crucial. Because D2-dissection has been 
recently recommended as the standard surgical method 
worldwide, data on the influence of  clinical results is now 
available from both Eastern and Western studies. Future 
statistically robust prospective studies are strongly war-
ranted to further investigate the role of  CRT in the field 
of  D2-dissection. 
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Figure 2  Schematic diagram of lymph node station. LN: Lymph node; 7: 
LN along the left gastric artery; 8: LN along the common hepatic artery; 9: LN 
around the celiac artery; 10: LN at the splenic hilum; 11: LN along the proximal 
splenic artery; 12: LN in the hepatoduodenal ligament; 13: LN on the posterior 
surface of the pancreatic head; 14: LN along the superior mesenteric vessels; 
16a: LN from the upper margin of the celiac trunk to the lower margin of the 










Chang JS et al . Radiation therapy in D2-dissected gastric cancer
12906 September 28, 2014|Volume 20|Issue 36|WJG|www.wjgnet.com
REFERENCES 
1 Ashraf N, Hoffe S, Kim R. Adjuvant treatment for gastric 
cancer: chemotherapy versus radiation. Oncologist 2013; 
18: 1013-1021 [PMID: 23966224 DOI: 10.1634/theoncolo-
gist.2012-0462]
2 Cunningham D, Allum WH, Stenning SP, Thompson JN, 
Van de Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ, 
Iveson TJ, Smith DB, Langley RE, Verma M, Weeden S, Chua 
YJ. Perioperative chemotherapy versus surgery alone for 
resectable gastroesophageal cancer. N Engl J Med 2006; 355: 
11-20 [PMID: 16822992 DOI: 10.1056/NEJMoa055531]
3 Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes 
NC, Stemmermann GN, Haller DG, Ajani JA, Gunderson LL, 
Jessup JM, Martenson JA. Chemoradiotherapy after surgery 
compared with surgery alone for adenocarcinoma of the 
stomach or gastroesophageal junction. N Engl J Med 2001; 
345: 725-730 [PMID: 11547741 DOI: 10.1056/NEJMoa010187]
4 Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M, 
Nashimoto A, Furukawa H, Nakajima T, Ohashi Y, Imamura 
H, Higashino M, Yamamura Y, Kurita A, Arai K. Adjuvant 
chemotherapy for gastric cancer with S-1, an oral fluoropy-
rimidine. N Engl J Med 2007; 357: 1810-1820 [PMID: 17978289 
DOI: 10.1056/NEJMoa072252]
5 Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH, 
Lee KW, Kim YH, Noh SI, Cho JY, Mok YJ, Kim YH, Ji J, Yeh 
TS, Button P, Sirzén F, Noh SH. Adjuvant capecitabine and 
oxaliplatin for gastric cancer after D2 gastrectomy (CLAS-
SIC): a phase 3 open-label, randomised controlled trial. 
Lancet 2012; 379: 315-321 [PMID: 22226517 DOI: 10.1016/
S0140-6736(11)61873-4]
6 Lee J, Lim do H, Kim S, Park SH, Park JO, Park YS, Lim HY, 
Choi MG, Sohn TS, Noh JH, Bae JM, Ahn YC, Sohn I, Jung 
SH, Park CK, Kim KM, Kang WK. Phase III trial comparing 
capecitabine plus cisplatin versus capecitabine plus cisplatin 
with concurrent capecitabine radiotherapy in completely 
resected gastric cancer with D2 lymph node dissection: the 
ARTIST trial. J Clin Oncol 2012; 30: 268-273 [PMID: 22184384 
DOI: 10.1200/JCO.2011.39.1953]
7 Kim TH, Park SR, Ryu KW, Kim YW, Bae JM, Lee JH, Choi 
IJ, Kim YJ, Kim DY. Phase 3 trial of postoperative chemother-
apy alone versus chemoradiation therapy in stage III-IV gas-
tric cancer treated with R0 gastrectomy and D2 lymph node 
dissection. Int J Radiat Oncol Biol Phys 2012; 84: e585-e592 
[PMID: 22975616 DOI: 10.1016/j.ijrobp.2012.07.2378]
8 Zhu WG, Xua DF, Pu J, Zong CD, Li T, Tao GZ, Ji FZ, Zhou 
XL, Han JH, Wang CS, Yu CH, Yi JG, Su XL, Ding JX. A ran-
domized, controlled, multicenter study comparing intensity-
modulated radiotherapy plus concurrent chemotherapy 
with chemotherapy alone in gastric cancer patients with D2 
resection. Radiother Oncol 2012; 104: 361-366 [PMID: 22985776 
DOI: 10.1016/j.radonc.2012.08.024]
9 Wisbeck WM, Becher EM, Russell AH. Adenocarcinoma of 
the stomach: autopsy observations with therapeutic implica-
tions for the radiation oncologist. Radiother Oncol 1986; 7: 
13-18 [PMID: 3775075]
10 Landry J, Tepper JE, Wood WC, Moulton EO, Koerner F, 
Sullinger J. Patterns of failure following curative resection 
of gastric carcinoma. Int J Radiat Oncol Biol Phys 1990; 19: 
1357-1362 [PMID: 2262358]
11 Maehara Y, Hasuda S, Koga T, Tokunaga E, Kakeji Y, Sugi-
machi K. Postoperative outcome and sites of recurrence 
in patients following curative resection of gastric cancer. 
Br J Surg 2000; 87: 353-357 [PMID: 10718807 DOI: 10.1046/
j.1365-2168.2000.01358.x]
12 Yoo CH, Noh SH, Shin DW, Choi SH, Min JS. Recurrence 
following curative resection for gastric carcinoma. Br J 
Surg 2000; 87: 236-242 [PMID: 10671934 DOI: 10.1046/
j.1365-2168.2000.01360.x]
13 Lim DH, Kim DY, Kang MK, Kim YI, Kang WK, Park CK, 
Kim S, Noh JH, Joh JW, Choi SH, Sohn TS, Heo JS, Park CH, 
Park JO, Lee JE, Park YJ, Nam HR, Park W, Ahn YC, Huh 
SJ. Patterns of failure in gastric carcinoma after D2 gastrec-
tomy and chemoradiotherapy: a radiation oncologist’s view. 
Br J Cancer 2004; 91: 11-17 [PMID: 15162146 DOI: 10.1038/
sj.bjc.6601896]
14 Gunderson LL, Sosin H. Adenocarcinoma of the stomach: 
areas of failure in a re-operation series (second or symptom-
atic look) clinicopathologic correlation and implications for 
adjuvant therapy. Int J Radiat Oncol Biol Phys 1982; 8: 1-11 
[PMID: 7061243]
15 Hallissey MT, Dunn JA, Ward LC, Allum WH. The second 
British Stomach Cancer Group trial of adjuvant radiotherapy 
or chemotherapy in resectable gastric cancer: five-year fol-
low-up. Lancet 1994; 343: 1309-1312 [PMID: 7910321]
16 Zhang ZX, Gu XZ, Yin WB, Huang GJ, Zhang DW, Zhang 
RG. Randomized clinical trial on the combination of preop-
erative irradiation and surgery in the treatment of adenocar-
cinoma of gastric cardia (AGC)--report on 370 patients. Int J 
Radiat Oncol Biol Phys 1998; 42: 929-934 [PMID: 9869212]
17 Gill PG, Jamieson GG, Denham J, Devitt PG, Ahmad A, 
Yeoh E, Jones AM. Treatment of adenocarcinoma of the car-
dia with synchronous chemotherapy and radiotherapy. Br J 
Surg 1990; 77: 1020-1023 [PMID: 1698501]
18 Stessin AM, Sherr DL. Demographic disparities in patterns 
of care and survival outcomes for patients with resected 
gastric adenocarcinoma. Cancer Epidemiol Biomarkers Prev 
2011; 20: 223-233 [PMID: 21300617 DOI: 10.1158/1055-9965.
EPI-10-0158]
19 Smalley SR, Benedetti JK, Haller DG, Hundahl SA, Estes 
NC, Ajani JA, Gunderson LL, Goldman B, Martenson JA, 
Jessup JM, Stemmermann GN, Blanke CD, Macdonald JS. 
Updated analysis of SWOG-directed intergroup study 0116: 
a phase III trial of adjuvant radiochemotherapy versus 
observation after curative gastric cancer resection. J Clin 
Oncol 2012; 30: 2327-2333 [PMID: 22585691 DOI: 10.1200/
JCO.2011.36.7136]
20 Fujitani K. Overview of adjuvant and neoadjuvant therapy 
for resectable gastric cancer in the East. Dig Surg 2013; 30: 
119-129 [PMID: 23867588 DOI: 10.1159/000350877]
21 Cuschieri A, Fayers P, Fielding J, Craven J, Bancewicz J, 
Joypaul V, Cook P. Postoperative morbidity and mortality 
after D1 and D2 resections for gastric cancer: preliminary 
results of the MRC randomised controlled surgical trial. The 
Surgical Cooperative Group. Lancet 1996; 347: 995-999 [PMID: 
8606613]
22 Bonenkamp JJ, Hermans J, Sasako M, van de Velde CJ, Wel-
vaart K, Songun I, Meyer S, Plukker JT, Van Elk P, Obertop 
H, Gouma DJ, van Lanschot JJ, Taat CW, de Graaf PW, von 
Meyenfeldt MF, Tilanus H. Extended lymph-node dissection 
for gastric cancer. N Engl J Med 1999; 340: 908-914 [PMID: 
10089184 DOI: 10.1056/NEJM199903253401202]
23 Cuschieri A, Weeden S, Fielding J, Bancewicz J, Craven 
J, Joypaul V, Sydes M, Fayers P. Patient survival after D1 
and D2 resections for gastric cancer: long-term results of 
the MRC randomized surgical trial. Surgical Co-operative 
Group. Br J Cancer 1999; 79: 1522-1530 [PMID: 10188901 DOI: 
10.1038/sj.bjc.6690243]
24 Hartgrink HH, van de Velde CJ, Putter H, Bonenkamp JJ, 
Klein Kranenbarg E, Songun I, Welvaart K, van Krieken JH, 
Meijer S, Plukker JT, van Elk PJ, Obertop H, Gouma DJ, van 
Lanschot JJ, Taat CW, de Graaf PW, von Meyenfeldt MF, 
Tilanus H, Sasako M. Extended lymph node dissection for 
gastric cancer: who may benefit? Final results of the random-
ized Dutch gastric cancer group trial. J Clin Oncol 2004; 22: 
2069-2077 [PMID: 15082726 DOI: 10.1200/JCO.2004.08.026]
25 Songun I, Putter H, Kranenbarg EM, Sasako M, van de Vel-
de CJ. Surgical treatment of gastric cancer: 15-year follow-up 
results of the randomised nationwide Dutch D1D2 trial. Lan-
cet Oncol 2010; 11: 439-449 [PMID: 20409751 DOI: 10.1016/
S1470-2045(10)70070-X]
Chang JS et al . Radiation therapy in D2-dissected gastric cancer
12907 September 28, 2014|Volume 20|Issue 36|WJG|www.wjgnet.com
26 Dikken JL, Jansen EP, Cats A, Bakker B, Hartgrink HH, 
Kranenbarg EM, Boot H, Putter H, Peeters KC, van de Velde 
CJ, Verheij M. Impact of the extent of surgery and postop-
erative chemoradiotherapy on recurrence patterns in gastric 
cancer. J Clin Oncol 2010; 28: 2430-2436 [PMID: 20368551 
DOI: 10.1200/JCO.2009.26.9654]
27 Kim S, Lim DH, Lee J, Kang WK, MacDonald JS, Park CH, 
Park SH, Lee SH, Kim K, Park JO, Kim WS, Jung CW, Park 
YS, Im YH, Sohn TS, Noh JH, Heo JS, Kim YI, Park CK, Park 
K. An observational study suggesting clinical benefit for 
adjuvant postoperative chemoradiation in a population of 
over 500 cases after gastric resection with D2 nodal dissec-
tion for adenocarcinoma of the stomach. Int J Radiat Oncol 
Biol Phys 2005; 63: 1279-1285 [PMID: 16099596 DOI: 10.1016/
j.ijrobp.2005.05.005]
28 Lee HS, Choi Y, Hur WJ, Kim HJ, Kwon HC, Kim SH, Kim 
JS, Lee JH, Jung GJ, Kim MC. Pilot study of postoperative 
adjuvant chemoradiation for advanced gastric cancer: adju-
vant 5-FU/cisplatin and chemoradiation with capecitabine. 
World J Gastroenterol 2006; 12: 603-607 [PMID: 16489675]
29 Kim S, Kim JS, Jeong HY, Noh SM, Kim KW, Cho MJ. Ret-
rospective analysis of treatment outcomes after postopera-
tive chemoradiotherapy in advanced gastric cancer. Radiat 
Oncol J 2011; 29: 252-259 [PMID: 22984678 DOI: 10.3857/
roj.2011.29.4.252]
30 Song S, Chie EK, Kim K, Lee HJ, Yang HK, Han SW, Oh DY, 
Im SA, Bang YJ, Ha SW. Postoperative chemoradiotherapy in 
high risk locally advanced gastric cancer. Radiat Oncol J 2012; 
30: 213-217 [PMID: 23346541 DOI: 10.3857/roj.2012.30.4.213]
31 Huang YY, Yang Q, Zhou SW, Wei Y, Chen YX, Xie DR, 
Zhang B. Postoperative chemoradiotherapy versus post-
operative chemotherapy for completely resected gastric 
cancer with D2 Lymphadenectomy: a meta-analysis. PLoS 
One 2013; 8: e68939 [PMID: 23874819 DOI: 10.1371/journal.
pone.0068939]
32 Sano T, Sasako M, Yamamoto S, Nashimoto A, Kurita A, 
Hiratsuka M, Tsujinaka T, Kinoshita T, Arai K, Yamamura 
Y, Okajima K. Gastric cancer surgery: morbidity and mortal-
ity results from a prospective randomized controlled trial 
comparing D2 and extended para-aortic lymphadenec-
tomy--Japan Clinical Oncology Group study 9501. J Clin 
Oncol 2004; 22: 2767-2773 [PMID: 15199090 DOI: 10.1200/
JCO.2004.10.184]
33 Sasako M, Sakuramoto S, Katai H, Kinoshita T, Furukawa H, 
Yamaguchi T, Nashimoto A, Fujii M, Nakajima T, Ohashi Y. 
Five-year outcomes of a randomized phase III trial compar-
ing adjuvant chemotherapy with S-1 versus surgery alone in 
stage II or III gastric cancer. J Clin Oncol 2011; 29: 4387-4393 
[PMID: 22010012 DOI: 10.1200/JCO.2011.36.5908]
34 Chang JS, Lim JS, Noh SH, Hyung WJ, An JY, Lee YC, Rha 
SY, Lee CG, Koom WS. Patterns of regional recurrence after 
curative D2 resection for stage III (N3) gastric cancer: implica-
tions for postoperative radiotherapy. Radiother Oncol 2012; 104: 
367-373 [PMID: 22981610 DOI: 10.1016/j.radonc.2012.08.017]
35 Lim JS, Yun MJ, Kim MJ, Hyung WJ, Park MS, Choi JY, 
Kim TS, Lee JD, Noh SH, Kim KW. CT and PET in stomach 
cancer: preoperative staging and monitoring of response to 
therapy. Radiographics 2006; 26: 143-156 [PMID: 16418249 
DOI: 10.1148/rg.261055078]
36 Tepper JE, Gunderson LL. Radiation treatment parameters 
in the adjuvant postoperative therapy of gastric cancer. 
Semin Radiat Oncol 2002; 12: 187-195 [PMID: 11979420 DOI: 
10.1053/srao.2002.30827]
37 Nam H, Lim do H, Kim S, Kang WK, Sohn TS, Noh JH, 
Kim YI, Park CH, Park CK, Ahn YC, Huh SJ. A new sug-
gestion for the radiation target volume after a subtotal gas-
trectomy in patients with stomach cancer. Int J Radiat Oncol 
Biol Phys 2008; 71: 448-455 [PMID: 18234442 DOI: 10.1016/
j.ijrobp.2007.09.055]
38 Yoon HI, Chang JS, Lim JS, Noh SH, Hyung WJ, An JY, Lee 
YC, Rha SY, Kim KH, Koom WS. Defining the target volume 
for post-operative radiotherapy after D2 dissection in gastric 
cancer by CT-based vessel-guided delineation. Radiother 
Oncol 2013; 108: 72-77 [PMID: 23777669 DOI: 10.1016/
j.radonc.2013.05.025]
39 Dikken JL, van Sandick JW, Maurits Swellengrebel HA, 
Lind PA, Putter H, Jansen EP, Boot H, van Grieken NC, van 
de Velde CJ, Verheij M, Cats A. Neo-adjuvant chemotherapy 
followed by surgery and chemotherapy or by surgery and 
chemoradiotherapy for patients with resectable gastric can-
cer (CRITICS). BMC Cancer 2011; 11: 329 [PMID: 21810227 
DOI: 10.1186/1471-2407-11-329]
P- Reviewer: Bujanda L, Gomez-Millan J, Greenberger JS 
S- Editor: Qi Y    L- Editor: Webster JR    E- Editor: Wang CH 
Chang JS et al . Radiation therapy in D2-dissected gastric cancer
                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.
Published by Baishideng Publishing Group Inc






I S S N  1 0  0 7  -   9  3 2  7
9    7 7 1 0  07   9 3 2 0 45
3   6
